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Will 

21st Century Nuclear Science: Probing nuclear matter in all Its forms & 

exploring their potential for applications

How are the nuclear 

building blocks 

manifested in the 

internal structure of 

compact stellar 

objects, like neutron 

stars?

How are the properties of protons and neutrons, 

and the force between them, built up from quarks, 

antiquarks and gluons?  What is the mechanism 

by which these fundamental particles materialize 

as hadrons?

How can the properties of nuclei be                 

used to reveal the fundamental              

processes that produced an 

imbalance     between matter and 

antimatter in our universe?

How can technologies 

developed for basic 

nuclear physics research 

be adapted to address 

societyôs needs?

Where in the  universe, and how, were 

the heavy elements formed?  How do 

supernovae explode?

Where are the limits of 

nuclear existence, and what is 

the structure of nuclei near 

those limits?

What is the nature of the 

different phases of nuclear 

matter through which the 

universe has evolved?

Do nucleons and all nuclei, 

viewed at near light speed, 

appear as walls of gluons 

with universal properties?



Nuclear Science is at a Launching Point in 
Reaching for the Horizon

Valence quarks and 
gluons

JLAB 12 GeVUpgrade ςValence 3D 
Imaging and Valence Glue

Quark Gluon Plasma
The most perfect liquid

RHIC ςLow Energy Search for      
critical point

Exploit jets and high mass probes 

The Structure and Limits 
of Nuclei

The Origin of Nuclei

FRIBςTwice the number of 
nuclei available

NSCL, ATLAS and 
University Facilities

NeutrinolessDouble Beta 
Decay, Electric Dipole Moments 
and other nuclear tests of the 
Standard Model

Unique Nuclear Probes of 
Physics beyond the 

Standard Model

Understanding the Glue 
that binds us all

A future Electron Ion Collider
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Nuclear Science in the U.S. has been guided by the 
NSAC Long Range Plans
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1979

1983

1989

1996

2002

2007CW Electron
Accelerator RHIC

Two Rare 
Isotopes Facilities 
ςin-flight, ISOL

RIA (Descoped)
JLAB 12 GeV

FRIB
RHIC Upgrade

10% budget 
increase  

KAON LISS DUSEL

Recommendations that did not 
happen, typically recommendation #3-4,
but one was #1

For large projects 
~15 years between 
recommendation 
and first operation



Our Charge is from Two Funding Agencies

Department of Energy
Office of Science
Nuclear Physics

National Science Foundation
Mathematical and Physical Sciences 

Directorate
Division of Physics



The process has evolved

1979- NSAC smoke filled room
1983- Working group of  ~50 members including 

younger scientists.  I was a member at age 33. 
1989- NSAC organized community town meetings
1995- NSAC and DNP together organized community

meetings 
2001- DNP by itself organized community town 
meetings
2007-
2015-



Fundamentals- Trust
ÅWe can see the the program office has listened to the Long 

Range Plans and helped deliver major initiatives.
ÅThe fundamental recommendations are about capabilities 

to do science, not a particular machine or experiment. This 
differs from the HEP P5 charge. We trust the DOE and NSF 
to optimize the science delivery.

ÅUnder budget pressures, the scope that can go forward 
may be reduced, if the science still can be done.

ÅTo be effective the entire community must support the 
plan. We cannot circle the wagons and shoot inward.

ÅIf we start something, finishing it is a priority.
ÅBudget constraints are real. This means low-ball estimates 

of project costs are dangerous.
ÅIt must address the international context. 
ÅObviously great care must be taken in selection of the 

subcommittee members to avoid the perception of bias. 



Charge to NSAC to Develop a New Long Range Plan
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Charge to NSAC to Develop a New Long Range Plan

άŀ ŦǊŀƳŜǿƻǊƪ ƻŦ ŎƻƻǊŘƛƴŀǘŜŘ ŀŘǾŀƴŎŜƳŜƴǘ ƻŦ ǘƘŜ bŀǘƛƻƴΩǎ ƴǳŎƭŜŀǊ ǎŎƛŜƴŎŜ ǊŜǎŜŀǊŎƘ 
ǇǊƻƎǊŀƳǎ ƻǾŜǊ ǘƘŜ ƴŜȄǘ ŘŜŎŀŘŜέ

άŀǊǘƛŎǳƭŀǘŜ ǘƘŜ ǎŎƻǇŜ ŀƴŘ ǎŎƛŜƴǘƛŦƛŎ ŎƘŀƭƭŜƴƎŜǎέ

άǿƘŀǘ ǇǊƻƎǊŜǎǎ Ƙŀǎ ōŜŜƴ ƳŀŘŜ ŀƴŘ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǘƘŜǎŜ ŀŎŎƻƳǇƭƛǎƘƳŜƴǘǎ ōƻǘƘ 
ǿƛǘƘƛƴ ŀƴŘ ƻǳǘǎƛŘŜ ǘƘŜ ŦƛŜƭŘέ

άƛŘŜƴǘƛŦȅ ŀƴŘ ǇǊƛƻǊƛǘƛȊŜ ǘƘŜ Ƴƻǎǘ ŎƻƳǇŜƭƭƛƴƎ ǎŎƛŜƴǘƛŦƛŎ ƻǇǇƻǊǘǳƴƛǘƛŜǎέ

άŎƻƻǊŘƛƴŀǘŜŘ ǎǘǊŀǘŜƎȅ ŦƻǊ ǘƘŜ ǳǎŜ ƻŦ ŜȄƛǎǘƛƴƎ ŀƴŘ ǇƭŀƴƴŜŘ ŎŀǇŀōƛƭƛǘƛŜǎΣ ōƻǘƘ 
ŘƻƳŜǎǘƛŎ ŀƴŘ ŦƻǊŜƛƎƴέ

άǿƘŀǘ ǊŜǎƻǳǊŎŜǎ ŀƴŘ ŦǳƴŘƛƴƎ ƭŜǾŜƭǎ ǿƻǳƭŘ ōŜ ǊŜǉǳƛǊŜŘ Χ ǘƻ Ƴŀƛƴǘŀƛƴ ŀ ǿƻǊƭŘ-
ƭŜŀŘŜǊǎƘƛǇ Ǉƻǎƛǘƛƻƴ ƛƴ ƴǳŎƭŜŀǊ ǇƘȅǎƛŎǎ ǊŜǎŜŀǊŎƘέ

άǿƘŀǘ ǘƘŜ ƛƳǇŀŎǘǎ ŀǊŜ ŀƴŘ ǇǊƛƻǊƛǘƛŜǎ ǎƘƻǳƭŘ ōŜ ƛŦ ŦǳƴŘƛƴƎ ǇǊƻǾƛŘŜǎ ŦƻǊ Ŏƻƴǎǘŀƴǘ ƭŜǾŜƭ 
ƻŦ ŜŦŦƻǊǘΦέ

άƪŜȅ ŜƭŜƳŜƴǘ ǎƘƻǳƭŘ ōŜ ǘƘŜ tǊƻƎǊŀƳΩǎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǳƴŘŜǊ ǘƘŜ ōǳŘƎŜǘ ǎŎŜƴŀǊƛƻǎ 
ŎƻƴǎƛŘŜǊŜŘέ 
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LRP Schedule

VCharge delivered at 24 April 2014 NSAC Meeting
VLRP Working Group formed in early June    ~ 60 members

- Observers from nuclear physics associations in Europe and Asia
VCommunity organization summer 2014
VDNP town meetings in the July/September 2014
VJoint APS-DNP-Japanese Physical Society Meeting Oct 7-11, 2014
VWorking Group organizational meeting Nov 16, 2014
VWhite papers submitted by end of January 
V Cost review of EIC ςReport at April 3 NSAC meeting
VMost of text of report assembled by April 10
V Resolution meeting of Long Range Plan working group April 16-20, 2015 

in Kitty Hawk, NC. The wordings of the recommendations were frozen.
V Second draft of full report by May 18  
V Draft report reviewed by external wise women and men

- Balantekin, Jacak, Redwine, Seestrom, Symons, Tribble,  
V LRP final report October 2015 ςNSAC Meeting and Public Presentation
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18 months in 2014-15. Some were done in 6 months.



Special Thanks to the Organizers and Participants in the 
Town Meetings

Education and Innovation:   Michael Thoennessenand Graham Peaslee

Nuclear Structure: Mark Riley and Charlotte Elster

Nuclear Astrophysics:  HendrikSchatz and Michael Wiescher

Hadron QCD: HaiyanGaoand Craig Roberts

Heavy Ion QCD: Paul Sorensen and Ulrich Heinz

Fundamental Symmetries, Neutrinos and the Relevant Nuclear Astrophysics:
Hamish Robertson and Michael Ramsey-Musolf

High Performance Computing:  A. Burrows, J Carlson, W. Detmold, R. 
Edwards, R, Furnstahl, W, Haxton, W, Hix, F. Karsch, W. Nazarewicz, P. 
Petreczky, D, Richards and M. Savage.     This was an ad-hoc meeting.



Town Meetings

ÅI gave no direction to DNP or the town meeting organizers 
because they were familiar with the process.
ÅOne major goal is to help make the physics case. Text from the 

white papers of the town meetings were freely adapted for 
the science discussion in the LRP.
ÅIt is difficult for an open community to set priorities. If they 

can, that is great and has an impact with the LRP working 
group. If not, that is also useful information. 
ÅAd hoc town meetings that do not spring from the DNP 

organization are also useful. They must be open to the broad 
community and let everyone have a chance to speak. 
ÅListing every project as a separate recommendation is not 

particularly useful.  



White Papers
These were public documents from the community

7 from town meetings
1 from proposed major facility
2 major instrumentation projects

2 copies in other formats


